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DETAILED ACTION 

1. The Amendment filed on 01/30/2006 lias been entered. Claims 1-63 are 
pending in this Office action. 

Response to Arguments 

2. Applicant's arguments with respect to claims 1 , 2, 13-14, 25-27 and 60-63 
have been considered but are moot in view of the new ground(s) of rejection. 

Claim Objections 

3. Claim 10 is objected to because of the following informalities: in line 1, 
"--herein" should be changed to ~ wherein ~. There is no first multiplier in the 
application claim. Appropriate correction is required. 

4. Claim 52 is objected to because of the following informalities: in line 13. "a 
second multiplier" should be changed to - a multiplier There is no first multiplier in 
the application claim. Appropriate correction is required. 
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Claim Rejections - 35 USC § 102 



The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351(a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 

5. Claims 1-10 are rejected under 35 U.S.C. 102(e) as being anticipated by 
Keevill et al. U.S. Patent 6,359,938 B1. 

Regarding claim 1 , Keevill et al. is directed a method and apparatus for 
synchronizing a received data symbol with an FFT window in signals transmitted 
according to COFDM. 

In column 26 line 55 via column 27 line 35, Keevill et al. teaches that in 
acquisition mode, the channel estimation and correction block 170 needs to 
locate the pilots before any channel estimation can take place. The circuitry 
performs a convolution across the 2048 carriers to locate the positions of the 
scattered pilots, which are always evenly spaced, 12 carriers apart. Having found 
the scattered pilots, the continual pilots can be located. A timing generator 404 
within the block can then be initialized, which then generates reference timing 
pulses to locate pilots for channel estimation calculation and for use in other 
functions of the demodulator as well. Channel estimation is performed by using 
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the evenly spaced scattered pilots, and then interpolating between them to 
generate the frequency response of the channel. The foregoing teachings 
address the claimed step of "providing a reference channel estimate based on at 
least one first symbol". 

In column 28 lines 30-45, Keevill et al. teaches that in a tracking mode of 
operation, shown as step 438 (see figures 36-37), the scattered pilot search is 
repeated periodically, and evaluated at decision step 440. This can be done at 
each symbol, or less frequently, depending upon propagation conditions. The 
predicted movement of the scattered pilot correlation peak is reflected by 
appropriate timing in the timing generator 404. and can be used as a test that 
timing has remained synchronized. 

Further in column 6, lines 30-45, Keevill et al. further teaches that the 
channel estimation and correction circuitry also has an automatic sampling rate 
control circuit coupled to the phase extraction circuit, in which a memory stores 
the individual accumulated phase errors of pilot carriers in a first symbol carried 
in the phase-uncorrected I and Q data. An accumulator is coupled to the 
memory and accumulates differences between the phase errors of individual pilot 
carriers in a second symbol and phase errors of corresponding pilot carriers in 
the first symbol to define a plurality of accumulated intersymbol carrier phase 
error differentials . A phase slope is defined by a difference between a first 
accumulated intersymbol carrier phase differential and a second accumulated 
intersymbol carrier phase differential. In view of that, the accumulated 
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intersymbol carrier phase error differentials are used to generate correction 
factors, which are used to 

Regarding claim 2, in column 61 lines 40-67, Keevill at al. further teaches that the 
channel estimation and correction circuitry includes a phase extraction circuit accepting 
a data stream of phase-uncorrected I and Q data from said FFT processor to thereby 
produce a signal representative of a phase angle of said uncorrected data. The phase 
extraction circuit further includes an accumulator for accumulating the phase angles of 
succeeding phase-uncorrected I and Q data and a pipelined circuit for iteratively 
computing the arctangent of an angle of rotation. 

Regarding claim 3, claim 3 is rejected on the same ground as for claim 1 
in view of claim 2 because of similar scope. 

In column 61 lines 55-61 , Keevill et al. further teaches that the sampling 
rate control circuit stores a plurality of accumulated intersymbol carrier phase 
error differentials and computes a line of best fit therebetween. In column 33 
lines 55-65, Keevill et al. teaches the effect of this timing error is to introduce a 
phase slope onto the demodulated OFDM data. This phase slope is proportional 
to the timing error. The phase slope can be determined by calculating the phase 
difference between successive OFDM symbols, using reference pilots, and 
estimating the slope of these phase differences , A least squares approach is 
used for line fitting. 
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Regarding claim 4, as recited in claim 3, the phase slope is proportional to the 
timing error. The phase slope can be determined by calculating the phase difference 
between successive OFDM symbols , using reference pilots, and estimating the slope of 
these phase differences. In view of that, correction factors are generated based on the 
phase difference between successive OFDM symbols, using reference pilots, and 
estimating the slope of these phase differences. 

Regarding claim 5, in column 8 lines 40-61 , Keevill et al. further teaches a mean 
phase difference is determined between corresponding pilot carriers of successive 
symbols of the transformed digital signal. A first control signal representing the mean 
phase difference, is provided to control the frequency of reception of the multicarrier 
signal. Preferably a line of best fit is determined for the inter-symbol phase differences 
of multiple carriers to define a phase slope. The least squares approach includes 
generation of the phase intercept as claimed by Applicants. 

Regarding claim 6, claim 6 is rejected on the same ground as for claim 5 
because of similar scope. Furthermore, the mean phase difference corresponds to the 
claimed expected slope. The first control signal representing the mean phase difference 
is enabled only during reception of guard inten/al. In light of the foregoing, sampling is 
performed early before sampling the symbol. 
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Regarding claim 7, as recited in claim 5, a line of best fit, using the least 
squares approach, is determined for the inter-symbol phase differences of 
multiple carriers to define a phase slope. In view of that, determining a line of 
best fit includes determining of phase intercept. Furthermore, the inter-symbol 
phase differences of multiple carriers are determined between corresponding 
pilot carriers of successive symbols of the transformed digital signal; see column 
8 lines 45-60. 

In column 6 lines 30-45, the channel estimation and correction circuitry 
also has a phase extraction circuit accepting a data stream of phase-uncorrected 
I and Q data from the FFT processor, and producing a signal representative of 
the phase angle of the uncorrected data. The phase extraction circuit includes an 
accumulator for the phase angles of succeeding phase-uncorrected I and Q data. 
The accumulator is coupled to the memory and accumulates differences between 
the common phase error of a plurality of pilot carriers in a second symbol and the 
common phase error of corresponding pilot carriers in the first symbol . The 
output of the accumulator is filtered, and coupled to the l/Q demodulator. 

Regarding claim 8, as already recited in claim 3, a line of best fit using the least 
squares approach is determined for the inter-symbol phase differences of multiple 
carriers to define a phase slope. In view of that, determining a line of best fit includes 
determining of phase intercept. The phase slope is proportional to the timing error. The 
phase slope can be determined by calculating the phase difference between successive 
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OFDM symbols, using reference pilots, and estimating the slope of these phase 
differences . 

Regarding claim 9, as recited in claim 8, the phase slope can be determined by 
calculating the phase difference between successive OFDM symbols, using reference 
pilots, and estimating the slope of these phase differences . 

Regarding claim 10, the reference symbol is the first symbol according to Keevill 
et al. teachings. 



6. Claim 60-63 are rejected under 35 U.S.C. 102(e) as being anticipated by 
Peeters et al. (previously cited) U.S. Patent 6.628,738 B1 . 

Regarding claim 60, Peeters et al. teaches in FIG. 1 a receiving multi-carrier 
modem RX equipped with an embodiment of the clock timing error determination 
arrangement. In column 4 lines 55-67, the multi-carrier receiver RX1 drawn in FIG. 1 is 
provided with a skip and duplicate device S/D, a serial-to-parallel converter S/P, a fast 
fourier transformer FFT, a rotation device ROTOR, a clock timing error determination 
arrangement ARR, a feedback loop FBL. a channel gain device CHANNEL and a 
channel analysing device SNR. 

In column 7 lines 30-55, Peeters et al. teaches during the acquisition mode, a 
predetermined sequence of bits is modulated on the carriers. The predetermined 
sequence of bits corresponds to the claimed training symbol. The channel analyser 
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SNR analyses these modulated carriers after transmission thereof over the 
communication line and measures the signal-to-noise ratio for each carrier. The signal- 
to-noise ratio for each carrier is expressed in term of power and the act of measuring 
the signal-to-noise ratio for each carrier corresponds to the claimed "providing a 
reference channel estimate and calculating a reference power based upon pilots" 

Peeters et al. further teaches during tracking mode, the channel analyser SNR 
applies the signal-to-noise ratio values SNR, to the weight determination unit WEIGHT 
which determines the weight coefficients Ao, Ai, . . . , An-i and applies them to the 
multipliers Mo, Mi,. . . , Mn-i, respectively. The weighted phase errors are summed 
together by the adder S and normalised with a normalisation factor B by the divider DIV. 
The normalisation factor B is also determined by the weight determination unit WEIGHT 
from the signal-to-noise ratio values SNRj. In view of the foregoing disclosure, during 
tracking mode, the channel analyser SNR further calculates the signal-to-noise ratio 
values SNRj of the received symbol based upon the predetermined sequence of bits 
during the acquisition mode and applied the signal-to-noise ratio values SNRj to the 
weight determination unit WEIGHT. In column 7 lines 45-60, the clock timing error is 
obtained, the clock timing error corresponding to the claimed scaling factor. 

In column 7 lines 60-67, when the clock timing error becomes larger than one 
sample period, the skip and duplicate device S/D is activated to either skip or duplicate 
a sample in the incoming multi-carrier signal. Hence, the channel analyser SNR 
recalculates the channel analysing device SNR. 
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Regarding claim 61 , the incoming communication line is coupled via liybrid 
means, filtering and amplifvinQ circuitry and an analogue to digital converter, not shown 
in FIG. 1 , to an input of the skip and duplicate device S/D. 

Regarding claim 62, claim 62 is rejected on the same ground as for claim 60 
because of similar scope. Furthermore, the channel analysing device SNR includes 
memory for storing estimated signal-to-noise ratio values SNRi. 

Regarding claim 63, claim 63 is rejected on the same ground as for claim 61 
because of similar scope. 

Claim Rejections - 35 USC § 103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made, 

7. Claims 13-22, 52-58 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Keevill et al. U.S. Patent 6,359,938 B1 as applied to claim 13. 

Regarding claim 13, claim 13 is rejected on the same ground as for claim 1 
because of similar scope. Keevill et al. does not explicitly teach providing a reference 
channel estimate based on at least one training symbol. However, because the pilot 
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carriers have known amplitudes and phases, one of ordinary skill in the art at the time 
the invention was made would have recognized that the symbol carrying the pilot 
carriers is equivalent to a training symbol. 

Regarding claim 14, Keevill et al. does not explicitly teach tracking phase 
change includes determining for each pilot in the first data symbol an associated 
total amount of rotation relative to a corresponding pilot in the at least one 
training symbol as claimed in the application claim. 

In column 61 lines 15-25, the channel estimation and correction circuitry 
including pilot location circuitry receiving a transformed digital signal representing 
a frame from said FFT processor for locating pilot carriers. As further recited in 
claim 2, in column 61 lines 40-67, Keevill et al. teaches that the channel 
estimation and correction circuitry includes a phase extraction circuit accepting a 
data stream of phase-uncorrected I and Q data from said FFT processor to 
thereby produce a signal representative of a phase angle of said uncorrected 
data. The phase extraction circuit further includes an accumulator for 
accumulating the phase angles of succeeding phase-uncorrected I and Q data 
and a pipelined circuit for iteratively computing the arctangent of an angle of 
rotation. Because the pilot carriers have known amplitudes and phases, one of 
ordinary skill in the art at the time the invention was made would have recognized 
that the first symbol carrying the pilot carriers is equivalent to a training symbol. 
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Regarding claim 15, claim 15 is rejected on the same ground as for claim 14 in 
view of claim 3 because of similar scope. 

Regarding claim 16, claim 16 is rejected on the same ground as for claim 4 
because of similar scope. 

Regarding claim 17, claim 17 is rejected on the same ground as for claim 5 
because of similar scope. 

Regarding claim 18, claim 18 is rejected on the same ground as for claim 6 
because of similar scope. 

Regarding claim 19, claim 19 is rejected on the same ground as for claim 7 
because of similar scope. 

Regarding claim 20, claim 20 is rejected on the same ground as for claim 8 
because of similar scope. 

Regarding claim 21, claim 21 is rejected on the same ground as for claim 9 
because of similar scope. 

Regarding claim 22, claim 22 is rejected on the same ground as for claim 10 in 
view of claim 14 because of similar scope. 
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Regarding claim 52, claim 52 is rejected on the same ground as for claim 14 
because of similar scope. Furthermore, referring to figure 14, the channel estimation 
and correction 170 includes a memory for storing a reference channel estimate, 
performs pilot phase carrier acquisition and tracking, and includes a multiplier for 
adjusting the reference channel estimate. 

Regarding claim 53, claim 53 is rejected on the same ground as for claim 5 
because of similar scope. 

Regarding claim 54, claim 54 is rejected on the same ground as for claim 6 
because of similar scope. 

Regarding claim 55, claim 55 is rejected on the same ground as for claim 7 
because of similar scope. 

Regarding claim 56, claim 56 is rejected on the same ground as for claim 8 
because of similar scope. 

Regarding claim 57, claim 57 is rejected on the same ground as for claim 9 
because of similar scope. 
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Regarding claim 58, claim 58 is rejected on the same ground as for claim 22 
because of similar scope. 

Allowable Subject Matter 

8. Claims 11-12 are allowed. 

The following is a statement of reasons for the indication of allowable subject 
matter: 

Regarding claim 1 1 , claim 1 1 is allowable over prior art of record because the 
cited references, taken individually or in combination, cannot teach or suggest 
" producing, for each pilot in the second symbol whose magnitude is above a threshold, 
an associated total amount of rotation relative to a corresponding pilot in the at least 
one first symbol and '' producing for one of the pilots in the second symbol total amount 
of rotation based on the associated total amount of rotation of other pilots in the second 
symbol' snd " determining a least squares fit based on the associated total amount of 
rotation for each pilot in the second symbol whose magnitude is above the threshold 
and the total amount of rotation based on the associated total amount of rotation of 
other pilots in the second symbof and " generating, based on the least sguares fit the 
plurality of second correction factors ". 



9. Claims 23-24 are allowed. 
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The following is a statement of reasons for the indication of allowable subject 
matter: 

Regarding claim 23, claim 23 is allowable over prior art of record because the 
cited references, taken individually or in combination, cannot teach or suggest 
" producinQ. for each pilot in the first data symbol whose magnitude is above a threshold, 
an associated total amount of rotation relative to a corresponding pilot in the at least 
one training svmbor and " producing for one of the pilots in the first data symbol a total 
amount of rotation based on the associated total amount of rotation of other pilots in the 
first data svmbor and " determining a least sguares fit based on the associated total 
amount of rotation for each pilot in the first data symbol whose magnitude is above the 
threshold and the total amount of rotation based on the associated total amount of 
rotation of other pilots in the first data symbof and " generating, based on the least 
sguares fit, the plurality of second correction factors ". 

10. Claims 25-27 are allowed. 

The following is a statement of reasons for the indication of allowable subject 
matter: 

Regarding claim 25, claim 25 is allowable over prior art of record because the 
cited references, taken individually or in combination, cannot teach or suggest 
" determining a number of clock cycles that the at least one training symbol is sampled 
early and " generating first correction factors based on the number of clock cycles ". 
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1 1 . Claims 28-31 are allowed. 

The following is a statement of reasons for the indication of allowable subject 
matter: 

Regarding claim 28, claim 28 is allowable over prior art of record because the 
cited references, taken individually or in combination, cannot teach or suggest 
" determining a number of clock cycles that the at least one training symbol is sampled 
eariV and '' generating first correction factors based on the number of clock cycles ". 

12. Claims 32-35 are allowed. 

The following is a statement of reasons for the indication of allowable subject 
matter: 

Regarding claim 32, claim 32 is allowable over prior art of record because the 
cited references, taken individually or in combination, cannot teach or suggest 
'' determining a number of clock cycles that the at least one training symbol is sampled 

early and " generating first correction factors based on the number of clock cycles *', 

13. Claim 36 is allowed. 

The following is a statement of reasons for the indication of allowable subject 
matter: 

Regarding claim 36, claim 36 is allowable over prior art of record because the 
cited references, taken individually or in combination, cannot teach or suggest 
" determining a number of clock cycles that the at least one training symbol is sampled 
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ear// and " aeneratina first correction factors based on the number of clock cycles " and 
'' producing, for each pilot in the first data symbol whose magnitude is above a threshold, 
an associated total amount of rotation relative to a corresponding pilot in the at least 
one training symbol and producing for one of the pilots in the first data symbol a total 
amount of rotation based on the associated total amount of rotation of other pilots in the 
first data symbol and '' determining a least sguares fit based on the associated total 
amount of rotation for each pilot in the first data symbol whose magnitude is above the 
threshold and the total amount of rotation based on the associated total amount of 
rotation of other pilots in the first data symbor and " generating, based on the least 
sguares fit, the plurality of second correction factors ". 

14. Claim 37 is allowed. 

The following is a statement of reasons for the indication of allowable subject 
matter: 

Regarding claim 37, claim 37 is allowable over cited prior art because the cited 
references cannot teach or suggest the claimed limitations " wherein tracking phase 
change includes determining for each pilot in the first data symbol an associated total 
amount of rotation relative to a corresponding pilot in the at least one training svmboL 
determining a least sguares fit based on the associated total amount of rotation for each 
pilot, and generating, based on the least sguares fit, the second correction factors ". 

15. Claim 38 is allowed. 
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Regarding claim 38, claim 38 is allowable over cited prior art because the cited 
references cannot teach or suggest the claimed limitations " wherein tracking phase 
change includes determining for each pilot in the first data symbol an associated total 
amount of rotation relative to a corresponding pilot in the at least one training symbol, 
determining a least sguares fit based on the associated total amount of rotation for each 
pilot, and generating, based on the least sguares fit, the second correction factors, 
determining a slope and phase intercept based upon the least sguares fit, and wherein 
generating, based on the least sguares fit, includes generating the second correction 
factors based upon subcarrier numbers, the phase intercept, and the slope ". 

16. Claims 39-51 are allowed. 

The following is a statement of reasons for the indication of allowable subject 
matter: 

Regarding claims 39 and 51 , claims 39 and 51 are allowable over the prior art of 
record because the cited references do not teach or suggest an apparatus for 
maintaining an accurate channel estimate comprising " an angle-to-converter that is to 
produce a plurality of first correction factors based upon the number of clock cycles " and 
" a first multiplier that is to adjust the freguency domain representation based upon the 
first correction factors to produce a reference channel estirhate ". 
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17. Claim 59 is objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations of the 
base claim and any intervening claims. 



18. Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Khanh Iran whose telephone number is 571-272- 
3007. The examiner can normally be reached on Monday - Friday from 08:00 AM - 
05:00 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Jay Patel can be reached on 571-272-2988. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 



Conclusion 




